The aim of this study was to assess the impact of asymptomatic infections of mink with Aleutian mink disease virus (AMD on reproductive performance and the morphology of the internal organs. The study drew its subjects from two farms where the disease was endemic and included 450 clinically healthy female mink divided into three equal groups: two AMD positive groups and one AMD negative control group. The mink were subjected to clinical observations throughout the period of reproduction, and then for the first seven weeks after birth. Data collected during this period were evaluated using selected breeding and reproductive indices. All reproductive indices including conception rate, litter size, and litter weight at birth as well as neonatal mortality were substantially poorer. Histopathological examination revealed changes typical for AMD, particularly in the spleen, kidneys, liver, and lymph nodes. The results highlighted and proved the frequently underestimated extent of economic losses on farms where AMD is endemic yet the mink stock is apparently healthy.
Introduction
Aleutian mink disease (AMD) is a chronic and incurable disease of mink and wild mustelids resulting in large economic losses in farming due to low fertility, frequent stillbirths or high offspring mortality in the first days after birth, and restricted trade in farm animals. A series of important observations on the essential aspects of AMDV pathogenesis and in particular the role of the time of infection, whether it falls before or during gestation, was made by Alexandersen et al. (2) . On farms where the disease is endemic, persistent infection of mink with Aleutian mink disease virus (AMDV) has a significant impact on breeding and reproductive indices. AMDV exhibits a tropism especially to lymphoid tissue (4) . Tissue tropism is an important attribute affecting pathogenicity of the virus variants and is governed by minor changes in the amino acid sequence. After entering the body of adult mink, the virus continues replication in B and T lymphocytes as well as macrophages of the spleen and lymph nodes (4) . Constant replication stimulates the humoral immune response leading to excessive synthesis of specific antibodies and generalised plasmacytosis and gammopathy. Viral antibodies form immune complexes accumulating in the blood vessels of the kidneys, liver, and spleen, and cause inflammation. Continuous triggering of a humoral immune response leads to an intense proliferation of plasma cells (plasmacytosis), which penetrate the tissues of the spleen, kidneys, liver, and lymph nodes causing morphological and functional changes in these organs. The course of the AMDV infection depends on the virulence of the infecting strain, mink age, the functional state of the immune system, and animal genotype. However, in adult mink from farms where AMDV is endemic, the infection is usually asymptomatic. The growing problem of asymptomatic infections with AMDV prompts veterinary science to undertake research on different aspects of mink health including selected breeding indices and reproductive performance, as well as morphological changes of the internal organs of apparently healthy mink from endemic farms.
Material and Methods
Experimental animals. The study was conducted on adult mink from two farms (S and K) located in western provinces of Poland raising 3000 and 5000 female mink respectively, where the subclinical form of AMD was confirmed using counterimmunoelectrophoresis (CIEP). Mink from an AMDV-free farm (F) with 4300 female mink constituted the control group. The sanitary conditions on the farms were satisfactory overall. The experimental mink were kept under similar conditions and fed according to the recommended standards for the species including mineral and vitamin supplements. All feed was supplied by the same manufacturing plant. The mink had continuous access to water, and were vaccinated against distemper, viral enteritis, botulism, and Pseudomonas aeruginosa infection. The study was conducted on 450 clinically healthy mink divided into three equal groups: two AMDV positive groups I (farm S) and II (farm K), and one AMDV negative control group III (farm F). In the upcoming oestrus (first half of February), blood samples were tested by CIEP for AMDV antibodies. The test gave positive results in the groups I and II and negative in group III. The mink were observed throughout the period of reproduction, and then for the first seven weeks after birth. Particular attention was paid to the number of females not being mated with outcome, properly mated but not delivering, and females delivering stillborn litter, as well as the number of kits per litter born and raised. The significance of differences was evaluated with the Duncan test, using Statistica ver. 20 software (StatSoft, Poland).
Necropsy. At pelting, a necropsy survey of 27 randomly selected mink from farms S and K was performed. Among lymph nodes only the retropharyngeal and mesenteric were regularly examined.
Histopathology. Sections of internal organs (kidney, liver, lung, retropharyngeal and mesenteric lymph nodes) collected during necropsy were fixed in 10% neutral buffered formalin, processed by routine methods, stained with haematoxylin and eosin (HE), and examined under a Zeiss Axioskop 2 light microscope.
PCR and sequencing. The source of DNA for subsequent PCR amplification of a fragment of the AMDV NS1 gene were sections of the 18 spleen samples collected at necropsy and transported at 4-10°C to the laboratory. The DNA samples were purified as described previously (10) . DNA was amplified using the two-step PCR. The primer pair encompassing the 485 nucleotides (nt) fragment of a single exon of NS1 gene with an internal primer for the second semi-nested PCR step amplifying the 429 nt internal fragment of NS1 was used. The sequence of primers was: 1F 5'-GGTTGCTTTACTCCAGAAGA -3', 1R 5' -ATCACCACCTCCAG -3' and 2R 5' -TACCACACTCTTCAGCCC -3', where 2R primer was used as an internal one together with 1F primer in the second step. The reaction mix was composed of 5 µL of 5 × RT PCR buffer; 1 µL of 10 mM dNTP mix; 50 pmol of each primer; 1 unit of DNA TaqPolymerase (Thermo Fisher Scientific, USA), and nuclease free water up to 25 µL. Reactions were then thermal cycled by using the following scheme for amplification: 95°C for 5 min (one cycle); 95°C for 30 s, 54°C for 30 s, 72°C for 1 min (34 cycles), and then the second amplification for 36 cycles with similar parameters except for annealing temperature 62°C. PCRs were performed using the UNO II thermocycler (Biometra, Germany). The PCR products from 13 samples were then purified using the NucleoSpin TriPrep kit (Macherey-Nagel, Germany) and sequenced directly in both directions using primers 1F and 2R on an automatic sequencer ABI3730/xl Genetic Analyzer (Applied Biosystems, USA).
Results
Clinical observations. Basically, there were no visible clinical symptoms of infection in mink from farms S and K. Sometimes lethargy and decreased appetite were observed. The course of infection was typical for persistent infection (11). Hypergammaglobulinaemia was also confirmed.
Necropsy. Enlargement of the spleen was the only lesion noticed regularly in 27 necropsied animals. Lymphadenopathy was also frequently observed. Enlargement of retropharyngeal lymph nodes was found in 26 cases and mesenteric lymph nodes in 23 cases. Other changes observed occasionally included hepatomegaly (five cases) and paleness of the kidneys (seven cases). In two cases petechiae on the surface of the kidneys were evident.
Histopathology. The most severe lesions were noted in the lymphohaematopoietic system, liver, lungs, and kidneys. The spleen showed enlarged periarteriolar lymphatic sheaths and diffuse congestion (accentuated red pulp) (Fig. 1F) . In the liver, periportal and perivascular mononuclear cell infiltrations, sometimes dominated by plasma cells, were observed. Bile duct dilation and proliferation and vacuolation of hepatocytes were also evident (Fig. 1A, B) . In the lungs, multifocal interstitial lymphoplasmacytic infiltrates, alveolar oedema, and fibrin deposits were noted. Other changes included diffuse congestion, haemorrhages, and atelectasis (Fig. 1E) . In the kidneys, fibrosis, sclerosis, and hypersegmentation of glomerular tufts, as well as renal tubule degeneration and multifocal mononuclear cell infiltrations were occasionally observed (Fig. 1C, D) . Reproductive performance. All reproductive indices including conception rate, litter size, and litter weight at birth, as well as neonatal mortality were worse. Evaluation of the three following breeding seasons revealed a rather high proportion (9%-11%) of infertile females, females properly fertilised but not delivering (11%-13%), and females that whelped only stillborn kits (7%-9%). A considerable kitten mortality rate and resulting low number of weaned kits, i.e. mean 2.2 and 2.1 per female in the following reproduction seasons, were observed. Reproductive indices were as follows: infertile females 9.2% (group I), 10 Determining the ratio of the number of weaned to the number of kits born is a reliable indicator of breeding, and was 64.7% and 67.74% in groups I and II respectively (mean value of the three following breeding seasons), whereas in the control group it was 84.48%. The number of kits reared successfully as determined at weaning was on average 2.2 and 2.1 per female in the groups I and II, and 4.9 in group III (Table 1) . PCR. All samples of the spleen or retropharyngeal lymph nodes were AMDV positive. The subsequent sequencing of PCR products from 13 randomly selected animals confirmed the presence of an AMDV specific fragment of NS1 gene (Fig. 2) .
Discussion
The present study draws attention to the consequences of subclinical infection of farmed mink, which can spread and remain unnoticed until the moment when numerous signs of reproductive failure oblige the farm owner to address the issue. Generally, economic losses result from the illness and death of farm animals, from reduced pelt value, and from reproductive failure (abortions, infertility, and early death of kits ) (3, 4, 12, 13) . In addition, a farm struggling against AMD will face barriers mandated under sanitary policy such as the requirement for a health certificate for the sale of the breeding stock. Eradication of the virus from the farm is feasible but extremely difficult. Once excreted by the infected animal, AMDV is very resistant to environmental factors and disinfectants. Regular testing of breeding mink for AMD, buying only animals that are tested negative for the disease, quarantining any newly purchased animals, and good biosecurity practice in preventing the entry of any wild animal will greatly help to achieve this goal. We wanted to stress the breadth of impact of AMDV infection on reproductive indices in breeding mink, which were otherwise clinically healthy animals. (9) . The health status of the mink from the two farms described in the present work is the consequence of both restricted and permissive modes of infection. The main cause of economic losses was reproductive failure including conception rate, size and weight of litter at birth, as well as neonatal mortality. Death of farm animals and reduced pelt value as the cause of losses were less important. Currently there is no effective vaccine against the disease and therefore eradication of the virus on the farm is extremely difficult (1, 5, 12, 13) . One of the possible options to consider in order to reduce losses might be treatment of affected kits. Alexandersen et al. (2, 3) have shown that treatment of newborn mink kits with anti-AMDV γ-globulins or monoclonal antibodies against AMDV structural proteins drastically reduced acute mortality and severity of clinical symptoms. Similar results were obtained by other authors in experiments on mice on the curative effect of host antibody response suppression on immune recovery from lymphocytic choriomeningitis virus infection (6-8). It does not change the fact that the treated mink become persistently infected carriers of AMDV and can spread the virus. However, protection of newborn kits from the development of acute disease by active immunosuppression can prevent early losses and ensure rearing of mink valuable for the fur industry at least to the pelting period (usually in November or December, at about six or seven months of age). From the practical point of view, it is therefore, reasonable to perform further studies on modulation of immune response of AMDV infected mink. These studies will yield a better understanding of the antibody-mediated mechanism of disease induction and develop the most efficient method of successful treatment of newborn mink kits. Implementation of such a method in breeding practice will greatly help to reduce losses of newborn kits in subclinically infected farms and will have positive economic consequences.
